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BACKGROUND: Patients with cancer have a higher risk of coronavirus disease 2019 (COVID-19) than noncancer patients. The authors 

conducted a multicenter retrospective study to investigate the clinical manifestations and outcomes of patients with cancer who are 

diagnosed with COVID-19. METHODS: The authors reviewed the medical records of hospitalized patients who were treated at 5 hospi-

tals in Wuhan City, China, between January 5 and March 18, 2020. Clinical parameters relating to cancer history (type and treatment) 

and COVID-19 were collected. The primary outcome was overall survival (OS). Secondary analyses were the association between clinical 

factors and severe COVID-19 and OS. RESULTS: A total of 107 patients with cancer were diagnosed with COVID-19, with a median age 

of 66 years (range, 37-98 years). Lung (21 patients; 19.6%), gastrointestinal (20 patients; 18.7%), and genitourinary (20 patients; 18.7%) 

cancers were the most common cancer diagnoses. A total of 37 patients (34.6%) were receiving active anticancer treatment when 

diagnosed with COVID-19, whereas 70 patients (65.4%) were on follow-up. Overall, 52.3% of patients (56 patients) developed severe 

COVID-19; this rate was found to be higher among patients receiving anticancer treatment than those on follow-up (64.9% vs 45.7%), 

which corresponded to an inferior OS in the former subgroup of patients (hazard ratio, 3.365; 95% CI, 1.455-7.782 [P =  .005]). The 

detrimental effect of anticancer treatment on OS was found to be independent of exposure to systemic therapy (case fatality rate of 

33.3% [systemic therapy] vs 43.8% [nonsystemic therapy]). CONCLUSIONS: The results of the current study demonstrated that >50.0% 

of infected patients with cancer are susceptible to severe COVID-19. This risk is aggravated by simultaneous anticancer treatment and 

portends for a worse survival, despite treatment for COVID-19. Cancer 2020;126:4023-4031. © 2020 The Authors. Cancer published by 

Wiley Periodicals LLC on behalf of American Cancer Society This is an open access article under the terms of the Creative Commons 

Attribution-NonCommercial License, which permits use, distribution and reproduction in any medium, provided the original work is 

properly cited and is not used for commercial purposes. 
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INTRODUCTION
There is an unprecedented outbreak of the novel coronavirus disease 2019 (COVID-19) worldwide, which is caused by 
the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2).1-4 This illness is characterized by fever, dyspnea, 
cough, and gastrointestinal symptoms of diarrhea, nausea, and vomiting.5 As of April 22, 2020, the latest numbers indi-
cated that there were >2,000,000 COVID-19 cases worldwide, and >100,000 deaths had occurred.6

We previously have shown that patients with cancer have a higher risk of contracting COVID-19.7 Compared 
with the community, the estimated incidence of COVID-19 is approximately 2.3-fold higher in this susceptible group 
of patients, and the risk is attributable to both active anticancer treatment and recurrent visits to the hospital without 
appropriate infection control measures in place. In addition, in our small case series, we observed that the median age 

Corresponding Authors: Conghua Xie, MD, PhD, Department of Radiation and Medical Oncology, Zhongnan Hospital of Wuhan University, No. 169, Donghu Rd, 
Wuchang District, Wuhan, Hubei Province, 430071 China (chxie_65@whu.edu.cn); Melvin L. K. Chua, MBBS, FRCR, PhD, Division of Radiation Oncology, National Cancer 
Center Singapore, 11 Hospital Crescent, Singapore 169610 (melvin.chua.l.k@singhealth.com.sg); Xinghuan Wang, MD, PhD, Department of Urology, Zhongnan Hospital of 
Wuhan University, No. 169, Donghu Rd, Wuchang District, Wuhan, Hubei Province, 430071 China (wangxinghuan@whu.edu.cn); and Yahua Zhong, MD, PhD, Department 
of Radiation and Medical Oncology, Zhongnan Hospital of Wuhan University, No. 169, Donghu Rd, Wuchang District, Wuhan, Hubei Province, 430071 China (doc-
torzyh73@163.com).

1 Department of Radiation and Medical Oncology, Zhongnan Hospital of Wuhan University, Wuhan, China; 2 Hubei Key Laboratory of Tumor Biological Behaviors, Hubei 
Cancer Clinical Study Center, Wuhan, China; 3 Convalife (Shanghai) Company Ltd, Shanghai, China; 4 Department of Oncology, Fifth Hospital of Wuhan, Wuhan, China; 
5 Department of Infection, Seventh Hospital of Wuhan, Wuhan, China; 6 Department of Oncology, Han Kou Hospital of Wuhan, Wuhan, China; 7 Center for Evidence-based 
and Translational Medicine, Zhongnan Hospital of Wuhan University, Wuhan, China; 8 Department of Urology, Zhongnan Hospital of Wuhan University, Wuhan, China; 
9 Division of Radiation Oncology, National Cancer Center Singapore, Singapore, Singapore; 10 Division of Medical Sciences, National Cancer Center Singapore, Singapore, 
Singapore; 11 Oncology Academic Programme, Duke-NUS Medical School, Singapore, Singapore

The first 6 authors are co-first authors.

The last 4 authors are co-senior authors.

We thank all patients and frontline health care workers who are involved in the coronavirus disease 2019 (COVID-19) pandemic.

Additional supporting information may be found in the online version of this article. 

DOI: 10.1002/cncr.33042, Received: March 24, 2020; Revised: May 2, 2020; Accepted: May 14, 2020, Published online June 23, 2020 in Wiley Online Library 

(wileyonlinelibrary.com)

mailto:﻿
mailto:﻿
mailto:﻿
mailto:﻿
mailto:﻿
mailto:﻿
https://orcid.org/0000-0002-1648-1473
mailto:﻿
https://orcid.org/0000-0001-6623-9864
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
mailto:chxie_65@whu.edu.cn
mailto:melvin.chua.l.k@singhealth.com.sg
mailto:wangxinghuan@whu.edu.cn
mailto:doctorzyh73@163.com
mailto:doctorzyh73@163.com


Original Article

4024 Cancer    September 1, 2020

of infected patients with cancer was older (>60  years) 
compared within the community, and these patients had 
a tendency to develop more severe illness. It also was sug-
gested that among the different cancer types, patients with 
lung cancer who are aged >60 years are particularly at risk 
of COVID-19.7 Although it may appear to be intuitive 
that patients with an abnormal respiratory epithelium are 
likely to be more prone to rapid virus entry into the lungs, 
more data are needed to clarify some of these associations. 
Currently, several guidelines regarding the management 
of patients with cancer also have been proposed, but argu-
ably, these are mostly consensus agreements, with little 
guidance derived from data regarding the outcomes of pa-
tients with cancer who are diagnosed with COVID-19.8-

11 Examples of some pertinent questions include possible 
differences in the severity of COVID-19 between patients 
with different cancer types and the implications of active 
anticancer treatment on the clinical presentation, severity, 
and treatment outcomes of COVID-19 pneumonia.

To fill these gaps in knowledge, we conducted a 
multicenter retrospective study regarding the outcomes of 
patients with cancer who were diagnosed with COVID-
19. The primary aim of the current study was overall sur-
vival (OS). Secondary analyses included the reporting of 
clinical presentation and outcomes based on the different 
cancer types, and the association between mortality due 
to COVID-19 and whether the patient was receiving on-
going active anticancer treatment (systemic therapy, local 
therapy, or a combination).

MATERIALS AND METHODS

Patient Cohorts
The current study was a multicenter, retrospective, ob-
servational study of 5 hospitals (Zhongnan Hospital 
of Wuhan University, Leishenshan Hospital, the Fifth 
Hospital of Wuhan, the Seventh Hospital of Wuhan, and 
Wuhan Hankou Hospital) in Wuhan City, China. We re-
viewed the medical records of 3559 hospitalized patients 
with COVID-19 who were treated at these institutions 
from January 5 to March 18, 2020. It is interesting to 
note that Wuhan Leishenshan hospital was 1 of 2 emer-
gency makeshift hospitals that were constructed in the 
city to isolate and treat patients with COVID-19 dur-
ing the peak of the outbreak. Inclusion criteria included:  
1) confirmation of a diagnosis of COVID-19 based on 
the fifth edition criteria (see Supporting Information 
A5); 2) a prior confirmed histological and/or clinical  
diagnosis of cancer; and 3) available information regard-
ing current and prior cancer treatments. There were no 

exclusion criteria. Th current study was approved by the 
ethics committee of the Zhongnan Hospital of Wuhan 
University (No. 2020041). Because anonymized, aggre-
gated data were analyzed, a waiver of informed consent 
was approved by the institutional review board.

Diagnosis of COVID-19
The diagnosis of COVID-19 was made based on the 
fifth edition criteria, which were developed in response 
to the outbreak by the National Health Commission of 
China during the study period (Supporting Information 
A, section Supplementary Methods). Briefly, a diagnosis 
of COVID-19 could be made if patients had a positive 
real-time reverse transcriptase-polymerase chain reaction 
(RT-PCR) test for SARS-CoV-2 and/or demonstrated 
characteristic findings of atypical pneumonia on com-
puted tomography scan of the chest.12,13 Typical com-
puted tomography chest findings included bilateral 
pulmonary parenchymal ground-glass and consolidative 
pulmonary opacities that were distributed in the periph-
eral zones of the lungs.5,14

We further categorized patients into those with mild 
and those with severe COVID-19. Patients were diag-
nosed as having severe COVID-19 if they manifested any 
of the following clinical conditions: 1) tachypnea of ≥30 
respiratory rate per minute; 2) oxygen saturation of ≤93% 
at room air; 3) arterial partial pressure of oxygen (PaO2) 
per fraction of inspired oxygen (FiO2) of ≤300 mm Hg; 
4) respiratory failure requiring mechanical ventilation; 5) 
septic shock; and 6) multiorgan failure requiring care in 
the intensive care unit.15

SARS-Cov-2 RT-PCR Assay
All samples were processed at designated laboratories in 
compliance with the World Health Organization guid-
ance. All samples were tested for SARS-CoV-2 by quanti-
tative RT-PCR using the kit recommended by the Centers 
for Disease Control and Prevention.

Statistical Analyses
We adhered to the STROBE (STrengthening the Reporting 
of OBservational studies in Epidemiology) standards of re-
porting for the current cohort study. Frequencies and per-
centages were reported for categorical variables, whereas 
means (with standard deviations) and medians (with inter-
quartile ranges [IQRs]) were used to describe quantitative 
data. The primary outcome was OS, which was defined as 
the time from the onset of symptoms to death from any 
cause. Secondary analyses included the percentage of pa-
tients with severe COVID-19 and the association between 
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clinical (cancer type, patient age, and comorbidities) and 
treatment parameters (status of anticancer treatment) and 
severe COVID-19 and OS. Survival curves were illustrated 
using the Kaplan-Meier method and compared using the 
log-rank test. Hazard ratios (HRs) with 95% confidence 
intervals (95% CIs) were calculated using the Cox pro-
portional hazards model, and the proportional hazards as-
sumption was tested with Schoenfeld residuals. OS was 
updated as of April 17, 2020.

Detailed information regarding demographics, 
smoking history (former vs current smokers), comor-
bidities (hypertension, diabetes, and cardiorespiratory 
conditions), signs and symptoms at onset, laboratory re-
sults (complete blood count, renal and liver panels, and 
inflammatory markers), and COVID-19 treatment were 
collected. Patients also were classified based on whether 
they were receiving active anticancer treatment (includ-
ing surgery, radiotherapy, chemotherapy, immunotherapy, 
targeted therapy, endocrine therapy, and best supportive 
treatment) or were taking part in posttreatment follow-up 
(defined as >1 month from the completion of treatment) 
at the time of diagnosis with COVID-19. All statistical 
analyses were performed using SPSS statistical software 
(version 23.0; IBM Corporation, Armonk, New York). A 
2-sided P value <.05 was considered to be statistically sig-
nificant. No correction for multiple testing was performed.

RESULTS

Clinical Characteristics of Patients With Cancer 
Who Were Diagnosed With COVID-19
Of 3559 patients, 107 patients were diagnosed with 
COVID-19 and had a diagnosis of cancer (Supporting 
Information B); the breakdown of cases across the 5 
institutions is summarized in Supporting Table 1 in 
Supporting Information A. The clinical characteristics 
of these patients were summarized in Table 1. The me-
dian age of the patients was 66 years (range, 36-98 years). 
Approximately 56.1% of the patients (60 patients) were 
male and 43.9% (47 patients) were female. A total of 72 
patients (67.3%) had a history of comorbidities, which 
included hypertension (52 patients; 48.6%), diabetes 
(22 patients; 20.6%), cardiac conditions (14 patients; 
13.1%), and chronic obstructive pulmonary disease (5 
patients; 4.7%); 9 patients had a positive smoking history.

Types of Cancer and Status of 
Anticancer Treatment
Lung cancer was the most common diagnosis (21 pa-
tients; 19.6%), followed by gastrointestinal (20 patients; 
18.7%), genitourinary (20 patients; 18.7%), and head 

and neck (17 patients; 15.9%) cancers (Table 1). A total of 
84 patients (78.5%) had early-stage cancers (stages I-III, 
based on the Eighth Edition of Cancer Staging Manual by 
American Joint Committee on Cancer), and 23 patients 
(21.5%) had stage IV disease. Of these, only 37 patients 
(34.6%) were receiving active anticancer treatment at the 
time of their COVID-19 diagnosis. Five patients had re-
ceived or were continuing to receive local treatment (sur-
gery and/or radiotherapy), and 21 patients were receiving 
systemic therapy either as monotherapy or in combina-
tion with local treatment. A total of 11 patients were re-
ceiving best supportive treatment alone (Table 1). Only 4 
of 37 patients continued with their anticancer treatment 

TABLE 1.  Clinical Characteristics of 107 Patients 
With Cancer Who Were Diagnosed With COVID-19

Patient Characteristics

Total

Severity

Mild Severe

N = 107 N = 51 N = 56

Median age (range), y 66 (36-98) 64 (37-78) 69 (36-98)
Sex

Male 60 (56.1%) 23 (45.1%) 37 (66.1%)
Female 47 (43.9%) 28 (54.9%) 19 (33.9%)

Smoking history
Yes 9 (8.4%) 4 (7.8%) 5 (8.9%)
No 58 (54.2%) 31 (60.8%) 27 (48.2%)
Unknown 40 (37.4%) 16 (31.4%) 24 (42.9%)

Cancer types
Lung 21 (19.6%) 10 (19.6%) 11 (19.6%)
Gastrointestinal 20 (18.7%) 6 (11.8%) 14 (25.0%)
Genitourinary 20 (18.7%) 9 (17.6%) 11 (19.6%)
Head and neck 17 (15.9%) 10 (19.6%) 7 (12.5%)
Breast 10 (9.3%) 4 (7.8%) 6 (10.7%)
Hematological 9 (8.4%) 6 (11.8%) 3 (5.4%)
Others (CNS/liver/

pancreas)
10 (9.3%) 6 (11.8%) 4 (7.1%)

Stage of diseasea

I-III 84 (78.5%) 44 (86.3%) 40 (71.4%)
IV 23 (21.5%) 7 (13.7%) 16 (28.6%)

Status of cancer care
On follow-up 70 (65.4%) 38 (74.5%) 32 (57.1%)
Receiving active treatment 37 (34.6%) 13 (25.5%) 24 (42.9%)

Anticancer treatments
Chemotherapy/targeted 

therapy
15 (14.0%) 5 (9.8%) 10 (17.9%)

Immunotherapy 6 (5.6%) 3 (5.9%) 3 (5.4%)
Local treatment 5 (4.7%) 2 (3.9%) 3 (5.4%)
Best supportive treatment 11 (10.3%) 3 (5.9%) 8 (14.3%)

Comorbidities
Hypertension 52 (48.6%) 19 (37.3%) 33 (58.9%)
Diabetes 22 (20.6%) 5 (9.8%) 17 (30.4%)
CVD 14 (13.1%) 4 (7.8%) 10 (17.9%)
COPD 5 (4.7%) — 5 (8.9%)
Autoimmune diseases 4 (3.7%) 2 (3.9%) 2 (3.6%)

Others 15 (14.0%) 7 (13.7%) 8 (14.3%)

Abbreviations: CNS, central nervous system; COPD, chronic obstructive pul-
monary disease; COVID-19, coronavirus disease 2019; CVD, cardiovascular 
diseases.
aBased on the Eighth Edition of Cancer Staging Manual by American Joint 
Committee on Cancer.
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after their diagnosis of COVID-19; these individuals still 
were alive at the time of last follow-up (April 17, 2020). 
Among the 70 patients on follow-up, only 4 patients were 
within 1 year after treatment.

Clinical Manifestations
A total of 51 patients (47.7%) had mild COVID-19, 
whereas 56 patients (52.3%) developed severe disease. 
The median time from the onset of symptoms to severe 
illness was 10 days (range, 1-21 days). Fever (81 patients; 
75.7%), cough (79 patients; 73.8%), fatigue (53 patients; 
49.5%), and dyspnea (39 patients; 36.4%) were common 
symptoms at the onset of disease (Table 2). Less frequent 
symptoms included myalgia (20 patients; 18.7%) and 
diarrhea (15 patients; 14.0%). Patients receiving active 
anticancer treatment were more likely to have dyspnea 
(56.8% vs 25.7%) and myalgia (32.4% vs 11.4%) com-
pared with those on follow-up. It is important to note that 
more patients receiving active anticancer treatment mani-
fested with severe COVID-19 than those on follow-up 
(24 of 37 patients [64.9%] vs 32 of 70 patients [45.7%]), 
which corresponded to more deaths (14 of 37 patients 
[37.8%] vs 9 of 70 patients [12.9%]) in the former group 
of patients (Table 2).

Table 3 shows the baseline hematological and 
biochemical parameters of the current study cohort. 
Lymphocytopenia (55 patients; 51.4%), elevated C-reactive 
protein (62 patients; 57.9%), and procalcitonin (N = 52 
patients; 48.6%) were the most common abnormalities 
among our patients with cancer. Next, we observed that 
patients receiving active anticancer treatment experienced 
more pronounced lymphopenia (median, 0.55×109/L 
[IQR, 0.29-1.12×109/L] vs 1.05×109/L [IQR, 0.63-
1.55 ×109/L]), anemia (112.00 g/L [IQR, 96.00-120.18 
g/L] vs 122.50 g/L [IQR, 115.25-129.75 g/L]), elevated 
C-reactive protein (36.00 mg/L [IQR, 8.28-103.75 mg/L] 
vs 27.40 mg/L [IQR, 2.43-56.14 mg/L]), and procalci-
tonin (0.17ng/mL [IQR, 0.05-0.77 ng/mL] vs 0.06 ng/mL  
[IQR, 0.04-0.12 ng/mL]) compared with patients on 
follow-up.

COVID-19 Treatments and Outcomes
COVID-19 treatments that were administered are sum-
marized in Table 2. A total of 99 patients (92.5%) received 
antiviral therapy (oseltamivir, umifenovir, interferon-α, 
ribavirin, lopinavir, and chloroquine phosphate), 39 pa-
tients (36.4%) received steroid therapy, and 22 patients 
(20.6%) received intravenous immunoglobulin (IVIG) 
therapy. A total of 91 patients (85.0%) required oxygen 
support; of these, 18 patients (16.8%) eventually were 

placed on mechanical ventilation. Patients receiving ac-
tive anticancer treatment were more likely to require 
mechanical ventilation (11 of 37 patients [29.7%] vs 7 
of 70 patients [10.0%]). However, a lower percentage of 
these patients received steroids (8 of 37 patients [21.6%] 
vs 31 of 70 patients [44.3%]) and IVIG (5 of 37 patients 
[13.5%] vs 17 of 70 patients [24.3%]).

In terms of the frequencies of severe COVID-19 
complications in the current study cohort, 21 patients 
(19.6%) developed acute respiratory distress syndrome, 
13 patients (12.1%) developed heart failure, and 3 pa-
tients (2.8%) developed acute renal injury (Table 2). 
As of the time of last follow-up on April 17, 2020, we  
recorded 23 (21.5%) COVID-19-related deaths, 
whereas 84 patients (78.5%) had been discharged. The 
case fatality rates for the overall study cohort, patients 
who were receiving active anticancer treatment, and 
those on follow-up were 21.5% (23 of 107 patients), 
37.8% (14 of 37 patients), and 12.9% (9 of 70 patients), 
respectively. We observed that patients receiving active 

TABLE 2.  Clinical Symptoms, Treatment, and 
Outcomes of Patients With Cancer Who Were 
Diagnosed With COVID-19

Total Follow-Up

Receiving 
Anticancer 
Treatment

N = 107 N = 70 N = 37

Signs and symptoms
Respiratory

Cough 79 (73.8%) 50 (71.4%) 29 (78.4%)
Dyspnea 39 (36.4%) 18 (25.7%) 21 (56.8%)

Gastrointestinal
Diarrhea 15 (14.0%) 12 (17.1%) 3 (8.1%)

Constitutional symptoms
Fever 81 (75.7%) 54 (77.1%) 27 (73.0%)
Fatigue 53 (49.5%) 37 (52.9%) 16 (43.2%)
Myalgia 20 (18.7%) 8 (11.4%) 12 (32.4%)

Treatment
Oxygen therapy 91 (85.0%) 60 (85.7%) 31 (83.8%)
Mechanical ventilation 18 (16.8%) 7 (10.0%) 11 (29.7%)
Antiviral therapya 99 (92.5%) 65 (92.9%) 34 (91.9%)
Steroid therapy 39 (36.4%) 31 (44.3%) 8 (21.6%)
IVIG therapy 22 (20.6%) 17 (24.3%) 5 (13.5%)

Complications of COVID-19
ARDS 21 (19.6%) 9 (12.9%) 12 (32.4%)
Heart failure 13 (12.1%) 8 (11.4%) 5 (13.5%)
Acute renal injury 3 (2.8%) 3 (4.3%) —

Disease severity
Mild 51 (47.7%) 38 (54.3%) 13 (35.1%)
Severe 56 (52.3%) 32 (45.7%) 24 (64.9%)

Outcome status
Discharged 84 (78.5%) 61 (87.1%) 23 (62.2%)
Died 23 (21.5%) 9 (12.9%) 14 (37.8%)

Abbreviations: ARDS, adult respiratory distress syndrome; COVID-19, coro-
navirus disease 2019; IVIG, intravenous immunoglobulin.
aIncludes oseltamivir, umifenovir, interferon-α, ribavirin, lopinavir, and chloro-
quine phosphate.
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anticancer treatment demonstrated a significantly worse 
prognosis than those who were on follow-up (HR, 
3.365; 95% CI, 1.455-7.782 [P  =  .005]) (Fig. 1A).  
The disparity in OS also was observed between the 2 
groups when patients receiving only best supportive 
treatment were excluded (HR, 3.117; 95% CI, 1.236-
7.859 [P  =  .016]) (Fig. 1B). The median duration 
from the onset of symptoms to recovery and death 
was 31  days (range, 8-53  days) and 20  days (range, 
6-45 days), respectively.

Association Between Cancer Type and 
Anticancer Treatment Status and COVID-19 
Severity and Mortality
We further investigated potential associations between 
clinical and treatment parameters and the likelihood of 
severe COVID-19 and death. We observed that patients 
with gastrointestinal cancers were most likely to experi-
ence severe illness (Fig. 2A), and this corresponded to 
35% of deaths (7 of 20 patients) for this cancer type (Fig. 
2B). Age (adjusted HR, 1.053; 95% CI, 1.007-1.101 
[P  =  .023]) and receiving active anticancer treatment 
(adjusted HR, 3.56; 95% CI, 1.53-8.277 [P  =  .003]) 
were found to be significant predictors of OS after a di-
agnosis of COVID-19 (Table 4). However, the effect of 
active anticancer treatment on COVID-19 severity and 
OS appeared to be consistent regardless of whether the 
patient received systemic therapy (Fig. 2C,D) (Table 4) 
(see Supporting Table 2 in Supporting Information A).

DISCUSSION
In this multicenter retrospective study, we have reported 
our experience regarding the management and outcomes 
of patients with cancer who also contracted SARS-CoV-2 

infection. Herein, we have reported the clinical symptoms 
and trajectory of COVID-19 in 107 patients with differ-
ent cancer types. It is important to note that the results 
of the current study demonstrated that this susceptible 
patient subgroup is at risk of developing severe COVID-
19 (52.3% overall) and the risk of death is significantly 
associated with a recent or concurrent exposure to anti-
cancer treatment (HR >3.0). At the time of last follow-
up on April 17, 2020, approximately 21.5% of patients 
in the current study cohort had died of COVID-19 or 
COVID-19-related complications; this finding is consist-
ent with those of other case series in patients with cancer, 
but is in contrast to the rates that had been reported in 
the community (3.0% in noncancer patients as reported 
by Guan et al16) (see Supporting Table 3 in Supporting 
Information A). This is a crucial observation, especially 
when the oncology community remains uncertain regard-
ing the implications of initiating or continuing antican-
cer treatment for patients with cancer who are diagnosed 
with COVID-19 during this pandemic, given the scarcity 
of evidence. Prior to this study, a smaller case series by 
Zhang et al among 28 patients with cancer also demon-
strated an interaction between recent exposure to antican-
cer treatment within 14 days of a COVID-19 diagnosis 
and severity of the illness.17 Taken together, the current 
study data support the belief that anticancer treatment 
should be best avoided, if possible, in patients with can-
cer who unfortunately contract SARS-CoV-2 infection. 
In addition, for asymptomatic or noninfected individu-
als who are undergoing anticancer treatment, the results 
from the current study strengthen the argument for tight 
infection control measures to prevent virus transmission 
to patients within the hospital or ambulatory treatment 
facility.

TABLE 3.  Laboratory Results of 107 Patients With Cancer Who Were Diagnosed With COVID-19

Laboratory Resultsa

Total Follow-Up Receiving Anticancer Treatment

N = 107 N = 70 N = 37

Leukocytes, ×109/L 5.20 (4.08-6.74) 5.20 (4.09-6.62) 5.19 (3.63-7.63)
Neutrophils, ×109/L 3.64 (2.53-5.01) 3.63 (2.80-4.42) 3.92 (2.44-6.31)
Lymphocytes, ×109/L 0.94 (0.49-1.45) 1.05 (0.63-1.55) 0.55 (0.29-1.12)
Hemoglobin, g/L 118.00 (106.10-128.00) 122.50 (115.25-129.75) 112.00 (96.00-120.18)
Platelets, ×109/L 187.50 (136.00-234.75) 203.00 (156.50-244.75) 153.00 (91.50-211.00)
ALT, U/L 23.00 (16.75-39.00) 28.00 (18.75-39.50) 20.00 (12.00-37.75)
AST, U/L 24.00 (18.00-39.25) 24.00 (18.00-32.25) 25.50 (16.50-44.00)
Blood urea, mmol/L 5.13 (3.95-6.85) 4.95 (3.95-6.36) 5.64 (3.85-7.17)
Creatinine, umol/L 66.80 (56.00-83.13) 69.45 (56.75-82.63) 63.95 (55.33-87.95)
Albumin, g/L 35.25 (32.03-37.95) 35.40 (33.00-38.38) 33.75 (29.95-37.03)
C-reactive protein, mg/L 31.10 (3.00-76.60) 27.40 (2.43-56.14) 36.00 (8.28-103.75)
Procalcitonin, ng/mL 0.07 (0.05-0.20) 0.06 (0.04-0.12) 0.17 (0.05-0.77)

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; COVID-19, coronavirus disease 2019.
aData were expressed as median (IQR).
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We made several interesting observations in the cur-
rent study cohort. Foremost, we previously had reported 
a preliminary observation demonstrating that older pa-
tients (ie, those aged >60 years) who are diagnosed with 
lung cancer are at a higher risk of COVID-19.7 In this 
larger study, we again observed that patients with lung 
cancer constituted a high percentage of COVID-19 cases 
(19.6%) among patients with different cancer types, 

although the percentages were comparable to those of pa-
tients with gastrointestinal, genitourinary, and head and 
neck cancers. Although these patients may be at risk of 
contracting COVID-19, we did not observe that they nec-
essarily had a higher incidence of severe illness compared 
with patients without lung cancer (Fig. 2A), which would 
suggest that synchronous or metachronous lung cancers 
do not influence the pathogenetic mechanisms under-
pinning severe COVID-19.18,19 Next, although patients 
with cancer were likely to experience severe COVID-19, 
their clinical presentation and laboratory parameters were 
comparable to the trends that were reported in the general 
community.5,16 Rather, in the current study cohort of 107 
patients, we observed that active anticancer treatment 
within 1 month of a diagnosis of COVID-19 was associ-
ated with profound lymphopenia (median of 0.55 vs 1.05 
for those on follow-up) and markedly elevated inflamma-
tory markers of C-reactive protein (36.00 vs 27.40) and 
procalcitonin (0.17 vs 0.06). Among the constellation of 
COVID-19 symptoms, myalgia and dyspnea were more 
frequent among patients receiving anticancer treatment 
compared with those who were on surveillance. It is inter-
esting to note that we found that fewer of these patients 
in the former subgroup of patients received COVID-19 
therapies; approximately 21.6% received steroid ther-
apy and 13.5% received IVIG compared with 44.3% 
and 24.3%, respectively, in the latter patient subgroup. 
Although we could not determine the potential reasons 
underpinning such a trend, it must be rationalized that 
the efficacy of these therapies in the treatment of patients 
with COVID-19 remains questionable. Thus, we judged 
that this observation may not have biased the association 
between cancer treatment status and OS.

We next explored the interactions between the dif-
ferent types of anticancer therapies and the likelihood of 
death from COVID-19 in the current study cohort. It 
is interesting to note that we observed that patients who 
were receiving systemic therapy (including chemotherapy, 
targeted therapy, immunotherapy, and endocrine ther-
apy) were not more susceptible to severe illness and death 
than those who received local therapy or best support-
ive treatment (Fig. 2C,D). In addition, we questioned 
whether anticancer agents such as immune checkpoint 
blockade inhibitors potentially could worsen the trajec-
tory of COVID-19 pneumonia.20,21 Nonetheless, we did 
not observe any disparate effects on the severity and case 
fatality rate between patients receiving conventional sys-
temic agents and immunotherapy (see Supporting Table 2 
in Supporting Information A), although the current anal-
ysis was limited by the smaller numbers in each treatment 

Figure 1.  Overall survival of patients with cancer who were 
diagnosed with coronavirus disease 2019 (COVID-19) who 
received anticancer treatment and those who were on 
follow-up. (A) Kaplan-Meier plot for the entire cohort of 107 
patients and (B) Kaplan-Meier plot with the 11 patients who 
were receiving best supportive treatment (BST) excluded. HR 
indicates hazard ratio.
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group. On this note, larger cohort studies with the ag-
gregation of multiple data sets will help to provide more 
granular insights in this regard, as well as examine the in-
teractions of all the potential clinical confounders such as 
comorbidities, cancer types, and their specific treatments, 
and COVID-19 treatment on the outcomes of patients 
with cancer.

Conclusions
The results of the current study demonstrated the clini-
cal characteristics and outcomes of COVID-19 in a large 
cohort of 107 patients with different cancer types, and 
suggested a high incidence of severe illness and case fa-
tality rates compared with the community population. 
These adverse outcomes were observed among patients 

Figure 2.  Comparison of coronavirus disease 2019 (COVID-19) severity and mortality for different cancer types and cancer treatment 
modalities and status. (A and B) Comparison between patients with lung, gastrointestinal, and other cancers. (C and D) Comparison 
between patients receiving systemic therapy (chemotherapy, targeted therapy, immunotherapy, and endocrine therapy), those 
receiving nonsystemic therapy (surgery, radiotherapy, and best supportive treatment), and those patients on follow-up.
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TABLE 4.  Univariable and Multivariable Tests of Association Between Clinical and Treatment Parameters and 
Overall Survival In 107 Patients With Cancer Who Were Diagnosed With COVID-19

Variables

Univariable Analysis Multivariable Analysis (23 Events)

HR (95% CI) P HR (95% CI) P

Age (continuous) 1.046 (1.004-1.090) .031 1.053 (1.007-1.101) .023
Comorbidity (yes vs no; reference) 0.922 (0.399-2.131) .850
Cancer types

Lung (reference)
Gastrointestinal 1.885 (0.506-7.021) .345
Genitourinary 2.783 (0.815-9.510) .103
Head and neck 1.087 (0.243-4.857) .913
Other 1.776 (0.444-7.104) .417

Receiving anticancer treatment (yes vs no; reference) 3.365 (1.455-7.782) .005 3.560 (1.532-8.277) .003
Follow-up (reference)

Chemotherapy/targeted therapy 2.878 (0.964-8.594) .058
Immunotherapy 3.075 (0.664-14.248) .151
Local treatment 4.487 (0.969-20.800) .055
Best supportive treatment 3.769 (1.261-11.259) .018

Abbreviations: 95% CI, 95% confidence interval; COVID-19, coronavirus disease 2019; HR, hazard ratio.
Bold type highlighted the results with statistical significance (P value <.05).
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who either were receiving anticancer treatment or were on 
surveillance, but the risk of death was significantly worse 
in the former patient subgroup. Based on this and other 
studies, it therefore is imperative to consider the defer-
ment of anticancer treatment, if possible, in patients with 
cancer who unfortunately are diagnosed with COVID-
19. In the same vein, we reiterate that tight infection 
control measures are crucial to prevent the risk of virus 
transmission to patients who are receiving ongoing anti-
cancer treatment.
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